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ABSTRACT

A monoclonal antibody (MAb) designated PD41 (IgGlk) was gener
ated by hyperimmunizing BALB/c mice with a membrane preparation
prepared from a moderately to poorly differentiated prostate carcinoma
surgical specimen. The immunohistochemical reactivity of MAb IMMl
was shown to be highly restricted to the ductal epithelia and secretions
of prostate adenocarcinoma tissues. Sixty-five % of the prostate tumor
specimens were stained with MAb PD41, whereas no staining of the fetal
or benign prostate specimens was observed. PD41 reacted minimally
with normal prostate tissues, with less than 1% of the epithelial cells
staining. This MAb did not react with nonprostate carcinomas or to a
variety of normal human tissues. Using both radioimmunoassay and
immunofluorescent procedures, several cultured human tumor cell lines,
human blood cells, and purified antigens to prostate-specific antigen and
prostatic acid phosphatase also were found not to express the PD41
antigen. MAb PD41 also was shown to bind to the target antigen present
in seminal plasma obtained from prostate carcinoma patients but not to
seminal plasma from normal donors. Immunoblots of gel-separated com
ponents of prostate carcinoma tissue extracts indicate that the molecular
weight of the proteins carrying the PD41 antigenic determinant can differ
among individual tumors, ranging from M, 90,000 to >400,000. However,
in seminal plasma from prostate cancer patients, the predominant com
ponent recognized by PD41 is the diffuse M, >400,000 band. It appears
that this monoclonal antibody may recognize a prostate carcinoma-
associated mucin-like antigen, which is preferentially expressed on pros
tate carcinomas, and therefore, may be a useful marker to distinguish
benign prostate hyperplasia from prostate carcinoma.

INTRODUCTION

A number of prostate tissue markers, some identified by
monoclonal antibodies, have been evaluated for their potential
usefulness in the diagnosis and prognosis of prostate adenocar
cinoma. Several laboratories have developed MAbs' or immu-
noassays for monitoring the expression of the 2 well-character
ized prostate antigens, PAP (1,2) and PSA (3). Neither of these
prostate markers has been found useful for early detection or
distinguishing benign from malignant prostate tumors, nor do
they provide meaningful information regarding the progressive
nature of the tumor. Additional MAbs that have shown poten
tial for detecting circulating prostate antigens in patient serum
include TURP-27 (4), 7E11-C5 (5), and PR92 (6), however, at
this time these MAbs have not been fully developed for clinical
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use. Also, these antibodies recognize tumor antigens that are
either prostate-organ specific, such that they react with normal
and benign prostate antigens as well as carcinoma, i.e., PSA,
PAP, 7E11-C5, and TURP-27, or they cross-react with non-
prostate cells or carcinomas. Although the recently identified
MAbs of Bazinet et al. (7) recognize an antigen that is selectively
expressed on malignant prostatic epithelium, these MAbs ap
pear to identify a small reactive subset of prostate carcinomas
provided the tissue specimens have not been exposed to fixa
tives.

There is a definite need for the identification of other prostate
TAAs that not only may be useful for early detection and
monitoring of disease progression, but also can provide addi
tional clinical and pathological information with respect to the
aggressiveness or metastatic potential of prostate carcinoma.

In this study, we describe a new MAb that shows preferential
binding to 65% of prostate carcinoma tissues with little or no
cross-reactivity to BPH or to normal prostatic epithelium.

MATERIALS AND METHODS

Cell Lines. Human tumor cell lines were grown in nutrient medium
supplemented with serum additives as recommended by the supplier of
the line. The source of many cell lines used in this study has been
described in earlier publications (4, 8). The cell lines evaluated in this
study include the following: T24, CUBI, SW733, 253J, SCaber, J82,
RT4, EJ, TCCSUP, SW780, HT1376, CUB3, and HU609 (bladder);
DU 145, PC3, PC3-P, LNCaP, and PPC-1 (9) (prostate); Calu-1, A-
427, Plano-1, SKLU-1, A549, SKMES-1, OH-1, and SKLC-2 (lung);
VAMT-1, JMN, and NC128 (mesothelioma); MCF-7, SKBr3, and ZR-
75-1 (breast); LSI74, CX-1, SW480, SW1463, and LSI80 (colorectal);
A375, WM56, and H1477 (melanoma); PANC-1 and MIA (pancreatic);
CMVMJHEL-1 (cytomegalovirus transformed fibroblast); and CCRF-
HSB2 (human T-cell lymphocytic leukemia).

Tissues. Fresh surgical or autopsy specimens as well as formalin-
fixed, paraffin-embedded blocks of various human tissues were obtained
from the Department of Pathology of Sentara Norfolk General Hos
pital, Norfolk, VA; the Department of Pathology of the Veterans
Administration Hospital, Hampton, VA; the Cooperative Human Tis
sue Network, University of Alabama at Birmingham; and the National
Disease Research Interchange, Philadelphia, PA. Tissues for paraffin
blocks were fixed in neutral buffered 10% formalin, whereas those for
frozen sections were embedded in Tissue-Tek OCT Compound (10.24%
w/w polyvinyl alcohol, 4.26% w/w carbowax, and 85.50% w/w non-
reactive ingredients) and snap-frozen in isopentane over liquid nitrogen.
Paraffin blocks of various passages of the prostatic carcinoma xeno-
grafts PC-82, PC-EW, and PC-EG were kindly provided by Dr. Cert
Jan Van Steenbrugge, University of Rotterdam, and Dr. Zoltan Csapo,
Department of Urology, Zentralklinikum, Augsburg, Federal Republic
of Germany. The origin and establishment of these xenografts have
been described previously (10-13).

Tumor Tissue Preparation. Crude membrane preparations were pre
pared from prostate carcinoma specimens or other tissues by first finely
mincing the tissue in 10 ml of 1.0 mM NaHCO.i buffer containing 200
ill of a 50x protease cocktail (antipain, 3.4 mg; pepstatin, 10.0 mg;
EDTA, 0.372 g (Sigma Chemical Co., St. Louis, MO) dissolved in 20.0
ml of DDH2O). The minced tumor tissue was then homogenized in a
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Polytron (Brinkman Instruments, Westbury, NY) and further disrupted approximately 50% binding activity and incubated an additional 2 h.
using Wheaton glass homogenizers. The homogenate was centrifuged
at 2000 x g for 5 min, and the supernatant resulting from this spin was
further centrifuged (2 h, 138,000 x g, 4Â°C).The resulting pellet was
resuspended in a minimum volume of PBS and stored at -70Â°C.Protein

concentrations were determined using the Bicinchoninic Acid (BCA)
Protein Assay (Pierce Chemical Co., Rockford. IL).

Production of MAbs. Three female BALB/c mice (8 weeks old;
HarÃanSprague-Dawley, Indianapolis, IN) were hyperimmunized with
a crude membrane preparation from a moderately to poorly differen
tiated prostate adenocarcinoma. Hybridoma production was performed
as described previously (4).

Screening of Hybridoma Supernatants. Supernatants from actively
growing hybridomas were screened for reactivity against the immuniz
ing material and for negative reactivity against PSA and PAP antigens
and a panel of normal cells (AB+ and O RBC, WBC. and fibroblasts)
by a solid-phase RIA (8). One hybrid, designated PD41.84 (PD41), was
selected for further analysis, subcloned using a Coulter Epics 5 flow
cytometer, and isotyped (IgGl.k) using an enzyme-linked immunosor-
bent assay and kit (Hyclone Laboratories, Logan, UT).

Immunoperoxidase Staining. The staining reactivity on frozen and
fixed tissues was evaluated by the avidin-biotin peroxidase assay using
the ABC Elite Vectastain kit (Vector Laboratories, Burlingame, CA)
as described previously (14, 15). Following development with the
chromogen 3,3'-diaminobenzidine tetrahydrochloride (Sigma), the tis
sues were counterstained with Mayer's hematoxylin and mounted in

aqua mount (Learner Laboratories, Pittsburgh, PA). Tissues were
scored independently by 2 investigators for both intensity of reactivity,
using a scale of 0 (absence of staining) to 4+ (most intense staining) as
well as numbers of cells positive in each specimen.

Immunofluorescent Staining. Cells for immunofluorescent analysis
were removed from culture flasks either by scraping or with PBS-
EDTA; PBS-washed cells were pelleted for use in either a live-cell or
fixed-cell (25% ethanol, on ice, 15 min) indirect immunofluorescence.
MAb PD41 culture supernatant (100 p\) was added to test wells and
incubated at 4Â°Cfor 60 min. After washing in PBS, the cells were
incubated for 30 min at 4Â°Cwith 50 ^1 of fluorescein-conjugated goat

anti-mouse IgGs (Organon Teknika-Cappel, Malvern, PA) at 50 jig/
ml. The cells were again washed and observed for fluorescent staining
using an Olympus microscope equipped with a fluorescence vertical
illuminator system. The percent of intact cells showing fluorescence
and their staining intensity (scale 0 to +4), out of a total of 300 cells
analyzed, was determined.

Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis/VVestern
Blotting Procedures. Electrophoresis was carried out in polyacrylamide
gels under reducing conditions (16), and protein migration in gels was
determined using Rainbow protein molecular weight markers (Amer-
sham, Arlington Heights, IL). Proteins separated by electrophoresis
were transferred to an immobilon-P transfer membrane (Millipore,
Bedford, MA) at 25 V for 12 h (17) using transfer buffer without
methanol. Following transfer of the proteins, the membrane was placed
in TBS blocking buffer (1 h at 37Â°C).The membrane was incubated
with PD41 MAb culture supernatant (20 jig/ml, 2 h, 25"C) or an

isotype matched control antibody. Membranes were washed in dilute
TBS to remove unbound antibody, then incubated with '"I-labeled
rabbit anti-mouse IgG (secondary antibody, specific activity 1.25 ÃŸCi/
ug) at 1 x IO7 cpm/50 ml of TBS for an additional 2 h at 25Â°C.

Following incubation with the secondary antibody, the membrane was
further washed, air dried, and exposed to Kodak XAR X-ray film
(-70Â°C, 48-72 h). The membranes were gently agitated during all

incubations.
Competitive Binding Assay. Purified PD4I MAb was labeled with

125I-labeledsodium iodide (specific activity, 1.25 Â¿iCi/Mg)by the con
ventional chloramine-T method. Unbound iodine was removed from
the '"I-labeled MAb product by a membrane ultrafiltration technique

established in our laboratory (18). Twenty-five ^1 of unlabeled antibody
(blocking antibody) at varying concentrations from 0 to 100 /ig/ml were
incubated with the antigen-coated wells (3 Â¿"g/well)for 2 h at 25Â°C.
After a series of washes, 25 /Â¿Iof I25l-labeled PD41 MAb were added at

Following additional wash steps, the wells were dried and cut, and the
radioactivity remaining in the wells was determined. The blocking
antibodies used were MAb B72.3 (a gift from Dr. Jeffrey Schlom,
Laboratory of Tumor Immunology and Biology, National Cancer In
stitute, Bethesda, MD), anti-carcinoembryonic antigen (CEA) MAb
(Zymed, San Francisco, CA) that had been adsorbed to eliminate
reactivity to non-cross-reacting antigen, and anti-HMFG-2 MAb

(Unipath Limited, Bedford, United Kingdom).

RESULTS

Following the initial isolation and screening of the hybrid
clones, one clone designated PD41.84 (PD41) was further

Table 1 Reactivity of MAb PD4I to malignant cell lines and human Mood cells
by indirect RIA and indirect immunofluorescence

TargetcellTCC

(bladder)ProstateBreastLungAdenocarcinomaSmall

cellMesotheliomaColorectalPancreaticMelanomaBlood

cellsRBC
(AB+/-)WBCRIA"0/12'0/40/10/100/60/10/30/30/2NT0/30/4Immuno

fluorescence*0/30/50/30/40/30/1Mr1/5'NT0/30/30/4Immunofluorescence'0/30/50/30/40/40/1NT0/3NT0/30/30/4

" Values given are for a fixed-cell radioimmunoassay as described in "Materials
and Methods."

h'e Values given are for a live-cell (ft) and a fixed-cell (r) indirect immunoflu
orescent assay as described in "Materials and Methods."

d Inali assays, values represent the number of specimens positive of Ihe number

of specimens tested.
' NT = not tested.
^Reactivity to LSI80. a colorectal carcinoma.

Table 2 Reactivity of monoclonal antibody PIÃŒ4Ito formalin-fixed and frozen
prostate tissues by indirect immunoperoxidase assay

No. positive/no, tested
(%positive)Tissue

typePrimary

carcinomaWDfMDPDUDMetastatic

to:BladderBoneBreastLiverLungLymph

nodeBPHNormalFetal'Nude

mousexenograftsPC-82PC

EWPC-EC"

Staining intensity: 0Frozen52/65

(80)14/15(93)13/15(87)24/29

(83)1/6(17)0/1

(0)0/1
(0)I/I
(100)NT"NTNT1/68(1)0/18(0)0/3

(0)NA**NANA=

no staining.Fixed43/81

(53)12/20(60)9/12(75)20/25

(80)2/24
(8)0/2

(0)1/2(50)1/2(50)0/3

(0)1/3
(33)0/1
(0)0/48

(0)3/22

(14)0/5

(0)1/2(50)1/2(50)0/2

(0)1+

= weakStaining

'
intensity"3-4+3-4+3-4+2-4+2-3+03-4+2+03+01-2+1-3+02+3-4+0staining,

2+'i

positive
cells*2-953-903-952-952-10080-90<1030-400<1<102230=

moderate
staining, 3+ = strong staining, and 4+ = very strong staining.

* Intensity and percent positive cells apply to both fixed and frozen tissues.
c WD, MD, PD, UD: well, moderately, poorly, and undifTcrentiated prostate

carcinoma.
d NT. NA: not tested, not available.
' Fetal tissue obtained from second and third trimester specimens.
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Fig. 1. Prostate carcinoma tissue sections stained with MAb PD41. A, a well- to moderately differentiated prostate adenocarcinoma showing cytoplasmic staining
of the epithelial cells in most of the neoplastic ducts, as well as luminal secretions (upper left side of tissue section), whereas the lower right side of the section shows
weak heterogeneous staining of the neoplastic cells and no staining of benign and normal ducts (arrows), x 100. B, a well to moderately differentiated prostate
adenocarcinoma showing intense staining of all the tumor cells in a large cribriform neoplastic duct and little to no staining of the smaller neoplastic ducts, x 200. C,
a single large duct from a well differentiated prostate carcinoma showing strong apical staining of the ductal epithelial cells as well as luminal contents. Note that
many of the luminal epithelial cells may have secreted PD41 into the lumen and, thereby, do not stain, x 400. D, a poorly differentiated prostate carcinoma showing
intense staining of tumor cells in most of the neoplastic ducts, x 100. E, an undifferentiated prostate carcinoma with very few tumor cells (arrows) staining, x 200.
F, section from a bone metastasis showing a large nest of prostate tumor cells intensely stained with MAb PD41. Note the absence of staining in the cartilage and
non-tumor tissue in these sections, x 400.

screened against a panel of 44 cultured human tumor cell lines (data not shown). None of the other cell types or antigens
and normal blood cells by both fixed-cell RIA and live and
fixed-cell indirect immunofluorescence. As shown in Table 1,
only one cultured tumor cell line, LSI80 (a colorectal carci
noma), reacted with the PD41 MAb. PD41 reactivity was also
detected in the concentrated, dialyzed spent culture medium
and in the glycopeptide fraction digest from the LSI80 cell line

tested, including the 5 prostate cell lines, expressed the PD41
antigen.

The tissue specificity of this monoclonal antibody was deter
mined using an avidin-biotin complex immunoperoxidase assay
(Tables 2-4; Figs. 1-4). The data presented in Table 2 show
that MAb PD41 reacts to both frozen and fixed primary pros-
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Fig. 1. A scattergram representing the percentage of cells staining with PD41
MAb in fixed and frozen well (H'D), moderately (MD). poorly (PD). and undif-

ferentiated (UD) prostate carcinomas. Symbols, percent of positive cells in a given
tumor sample.
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Fig. 3. Benign prostatic hyperplasia tissue ID and a normal prostate tissue
section (B) showing no staining with MAb PD41. Only the nuclei are stained by
the hematoxvlin counterstain. x 200.

tate carcinomas. Considering only those cases in which 10% or
more of the tumor cells are identified by PD41, the sensitivity
for prostate cancer specimens is 47% (fixed tissues) and 65%
(frozen tissues). In instances in which both fixed and frozen
specimens from the same case could be evaluated, 26% of the
fixed specimens failed to stain, suggesting the possibility that
some denaturation of the target antigen may occur during either
the formalin fixation or deparaffmization procedures. In either

case, strong staining of the tumor cells was observed in the
majority of the PD41-positive prostate carcinoma specimens
(Fig. 1). The PD41 staining appears confined to a cytoplasmic
antigen expressed by prostatic epithelial cells, although staining
of luminal secretions and the borders of the ductal epithelial
cells was also observed (Fig. 1). The staining pattern was,
however, very heterogeneous with the number of PD41-positive
tumor cells ranging from 2 to 95% (Table 2) irrespective of
specimen preparation (Fig. 2), and this pattern of expression
remained fairly constant for the differentiated carcinomas (i.e.,
well, moderately, and poorly differentiated) (Table 2; Fig. 2).
Undifferentiated primary prostate carcinomas (those with no
glandular elements present), on the other hand, appeared to
lose PD41 expression (Fig. IE: Fig. 2). Both the number and
intensity of the stained cells, in PD41-positive specimens, could

be enhanced by exposure to neuraminidase (0.1 unit, 30 min),
whereas trypsin or Pronase treatment had no effect on PD41
expression (data not shown). Pretreatment with neuraminidase
could not convert a PD41 -negative specimen to a PD41 -positive
specimen. PD41 antigen detection was observed in bone, breast,
and lung mÃ©tastasestested (Table 2), with intense staining in
the majority of the tumor cells of one metastatic bone specimen
(Fig. I/7). Fetal prostate tissues, frozen normal prostate tissues,

and fixed BPH tissues did not express the antigen recognized
by PD41 (Table 2; Fig. 3). One of 68 frozen BPH specimens
and 3 of 22 fixed normal prostate specimens were PD41-
positive, however only weak staining was observed in less than
1% of the ductal epithelial cells.

The PD41 target antigen also was expressed in the tumor
cells of 2 nude mouse prostate xenografts (Table 2), and the
staining pattern observed, especially in the PC-EW hetero-
transplant, was similar to that described above for human
prostate surgical specimens. The particular PC-EW xenograft
(Fig. 4), a moderately differentiated tumor displaying a cribri
form histolÃ³gica! pattern, shows secretions between lobes of
the tumor as well as cells within the tumor stained with MAb
PD41.

Twenty-one normal tissue types (131 specimens) (Table 3)
and 80 non-prostate carcinoma tissues (12 types) (Table 4) did
not express the PD41 antigen.

Table 5 shows that the PD41 antigen could be detected in
three of eight CaP seminal plasma samples by RIA, although
it was not detected in normal seminal plasma. Comparison of
MAbs to PSA and PAP (generated in our laboratory4) indicated

that these antigens were detectable, as expected, in both types
of seminal plasma specimens.

Further evaluation of the PD41 MAb specificity and deter
mination of molecular weight of the specific PD41 epitopes
was determined by Western blot analysis. Fig. 5A shows a
representative immunoblot developed with the PD41 MAb.
The most prominent band observed, a large diffuse band (Mr >
400,000) is seen in both the CaP tissue extracts (Fig. 5,4, Lanes
I and 3) and CaP seminal plasma (Fig. 5A, Lane 4), although
this band was not observed in all CaP tissue extracts (Fig. 5A,
Lane 2). Two other prominent components carrying the PD41
epitope, a A/r 166,000 and a M, 91,000 band, were usually
observed in all the CaP extracts examined (Fig. 5A, Lanes 1-
3), however, occasionally, additional minor bands were ob
served in some CaP tissues. It also can be noted that the pattern
(i.e., number and mobility of bands) carrying the PD41 epitope,
especially the high molecular weight components (Mr

4G. L. Wright, Jr.. unpublished observations.
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Fig. 4. PC-E W nude mouse prostate xenograft tissue section showing PD41 -positive staining of both the tumor cells (A) and secretions within the lumen of ducts,
as well as between the lobules of tumor cells (A). A, x 100; B, x 200.

Table 3 Reactivity of MAb PD4I to fixed and frozen normal tissues by indirect
immunoperoxidase assay

No. positive/no, tested

Table 5 Comparison of reactivity of monoclonal antibodies PD41, anti-PSA, and
anti-PAP to human seminal plasma by indirect radioimmunoassay

TissuetypeBladderBlood

vesselsBrainBreast"BronchusColon"EsophagusHeartKidneyLiverLungLymph

nodeOvaryPancreasPeripheral

nerveSalivary
glandSkinSpleenStomachTesticleUterusFrozen0/30/30/60/50/30/40/30/30/40/40/30/40/30/30/3NT0/20/6NT0/30/3Fixed0/30/40/50/30/30/30/3NT*0/30/30/40/40/30/50/10/20/30/30/10/40/3

" Epithelial cells negative, an occasional gland or duct showed positive staining

of secretory material.
* NT. not tested.

Table 4 Immunoperoxidase reactivity of MAb PD4I to fixed and frozen non-
prostate carcinomas"No.

positive/no,testedTumor

typeTCC

(urinarybladder)BreastColonLaryngealLiverLung

(adenocarcinoma)Lung
(mesothelioma)LymphomasOvarianPancreaticGastricCarcinoidFrozen0/50/40/100/1NT0/40/70/40/30/10/2NTFixed0/30/60/7NT"0/10/10/70/20/40/20/50/1

" MAb B72.3 or HMFG2 was used as a positive control MAb where appropri

ate.
* NT. not tested.

Specimen"Normal

seminalplasma
poolSeminal

plasma(carcinoma1.2.3.4.5.6.7.8.IgGr242f220216393180304337307366PD41.84

(IgGl)1882,0203465303636352,1511,153569cpm*anti-PSA(IgGl)8.2058,1768,6115,6336,01715.1501.78513.00413,816anti-PAP(lgG2a)1,1206309586514731,1361.1401.1591,591

" For all seminal plasma samples tested, a sample dilution of 1:8 was deter

mined to be the optimal concentration.
* cpm values greater than 3 times the values for the isotype-matched control

antibodies were considered to be positive.
r Isotype-matched negative control MAb, either IgGl or IgG2a.
'' Seminal plasma samples were obtained from patients with a definitive diag

nosis of prostate carcinoma but who had not yet undergone treatment. Diagnosis
at time of seminal plasma collection was as follows: samples 1, 5, and 8 = well-
differentiated: samples 2. 3. 4. and 7 = moderately differentiated: sample 6 =
poorly differentiated.

specificity of MAb PD41 for prostate carcinomas. An identical
immunoblot stained with an isotype-matched control antibody
did not show any PD41-positive bands (Fig. 5B), providing
evidence that the reactivity observed on the PD41 MAb im
munoblot was specific. A nonspecific M, 55,000 band seen on
both blots (Fig. 5, A and B) was identified as endogenous human
IgG heavy chain (data not shown). All membrane preparations
used in this assay, when tested for the presence of residual
endogenous protease activity (Endoproteinase Biochemical
Test Combination kit; Boehringer Mannheim GmbH, Federal
Republic of Germany), were found to be negative (data not
shown). This assures that the multiple banding pattern was not
the result of enzymatic cleavage during membrane extract prep
aration.

A competitive binding assay (Fig. 6) shows that none of the
unlabeled competing antibodies (B72.3, anti-CEA, or HMFG-
2, which also bind to high molecular weight TAAs), except
unlabeled PD41, could compete with 125I-labeled PD41.

DISCUSSION>400,000), differed among individual tumors. The absence of
MAb PD41 reactive bands in tissue extracts from normal
prostate, BPH, breast and colon carcinomas, and normal sem- We have generated and preliminarily characterized a new
inal plasma (Fig. 5A, Lanes 5-11) confirmed the restricted MAb, PD41, which reacts selectively with prostate adenocar-
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Fig. 5. A, Western blot of normal, benign, and prostate carcinoma tissues,

breast and colon carcinoma tissues, and seminal plasma from normal and prostate
carcinoma patients reacted with MAb PD41: prostate carcinoma membrane
extracts (Lanes I, 2 and 3); CaP seminal plasma (Lane 4); membrane extracts
from breast carcinoma (Lane 5), colon carcinoma (Lane 6), normal prostate
(Lanes 7 and 8), BPH (Lanes 9 and 10). and normal seminal plasma (Lane II),
respectively. The blot was transferred from a 3-15% gradient sodium dodecyl
suliale-polyacrylamide gel (50 ^g of protein loaded per lane) onto immobilon-P
transfer membrane and immunoblotted and developed as described in "Materials
and Methods." B, Western blot as in A but reacted with an isotype-matched
negative control antibody. Both blots A and B were exposed to X-ray film for 72
h. SG indicates top of separating gel.

cinoma. Although the PD41 MAb is nonreactive with any
available prostate cell line, its expression in nude mouse heter-
otransplants indicates that these heterotransplants may serve
both as potential model systems and as antigen sources for
clinical, biochemical, and immunochemical evaluation of the
PD41 antigen.
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Fig. 6. Competitive binding assay of 12!I-labeled PD41 MAb against MAbs

B72.3, anti-CEA. HMFG-2, and PD4I. Varying concentrations of competing
antibody (0-100 i>u. ml Iwere added to antigen-coated microtiter plates, incubated,
washed, and then reacted with '"[-labeled PD41 at approximately 50% binding
activity. Wells were washed, dried, and counted in a gamma counter as described
in "Materials and Methods." Each curve represents the mean cpm of triplicate

determinations performed in duplicate experiments.

PD41 antigen detection in CaP seminal plasma, and its lack
of detectable expression in normal seminal plasma, help con
firm the tumor specificity of the PD41 MAb, as well as provide
evidence of antigen secretion in some patients with primary
CaP. Presumably, the PD41 antigen in seminal plasma is
secreted by the malignant epithelium as part of the prostatic
fluid. Examination of split ejaculates and prostatic fluid should
confirm this assumption. Presence of the antigen in serum or
urine remains to be determined.

The variability in molecular size of the PD41 antigen in CaP
extracts is similar to observations described for other carcino
mas in which the reactive antigen is a high molecular weight
glycoprotein or mucin-like TAA (19-29). Differences observed
in the mobility of PD41-epitope-carrying components might be
attributed to genetic polymorphism or to aberrant glycosylation
patterns, not unlike what has been reported for the HMFG
MAbs and TAAs associated with breast carcinomas (30). Pre
liminary biochemical data [sensitivity to both periodate oxida
tion and glycosidase treatment, insensitivity to mild acid hy
drolysis or neuraminidase treatment (data not shown)], the
molecular weight of the PD41 antigen, and PD41 MAb reactiv
ity against the LSI80 glycopeptide fraction suggest a target
antigen consisting predominantly of a carbohydrate epitope,
possibly mucin-like in nature.

Although little attention has been paid to the status of mucins
in the human prostate, mucin secreting cells have been identi
fied in all types of prostate tissues (31-33). Three distinct
mucins (a neutral mucopolysaccharide, a nonsulfated acid sia-
lomucin, and a sulfated sialomucin) have been reported for
prostate (31, 32), and it has been shown that most mucin-
producing prostate tumors (primarily well differentiated) ex
press acid sialomucoproteins (33). This particular type of mucin
is rarely detected in normal prostate or BPH specimens (the
latter producing only neutral mucins). Although it remains to
be determined if the antigen recognized by MAb PD41 is an
acidic sialomucoprotein, it is unlikely that sialic acid is a
dominant carbohydrate of the PD41 epitope because the bind
ing affinity of this MAb is enhanced by sialic acid removal.
Furthermore, PD41 antigen expression was found not to be
associated with a particular pathological grade of CaP (Fig. 2),
unlike the previously described sialomucoprotein (32, 33).
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Data obtained in this study also suggest that the antigen
recognized by MAb PD41 is different from other mucin-like
antigens identified on many non-prostate tumors (19-29).
MAbs to these non-prostate mucins not only react with the
tumor tissues or cell lines used for their generation, but also
exhibit a spectrum of reactivity against other carcinomas and
normal tissues. Preferential binding of PD41 to CaP and the
virtual absence of reactivity with normal and non-prostate

malignant tissues, particularly breast, colon, stomach, ovary,
and pancreas, provide further evidence that MAb PD41 is
distinct from these mucin-directed MAbs. Additional support
is provided by the inability of MAbs to other mucin-like TAAs
to block PD41 binding to its target antigen (Fig. 6). Loss of
binding, after sialidase treatment, by the B72.3 MAb to its
antigen [identified as an O-linked sialosyl-2-6 Â«-./V-acetylgalac-
tosaminyl or sialosyl-Tn epitope (34)] is in direct contrast to
PD41 reactivity under the same conditions. Although these
data support the glycoprotein nature and possible uniqueness
of the PD41 antigen, an intensive and careful biochemical and
immunochemical study will be necessary to precisely elucidate
the chemical nature of this interesting prostate carcinoma-
associated antigen.

MAb PD41 can also be distinguished from other MAbs that
bind specifically to prostate carcinoma, such as the recently
described MAbs P25.48 and P25.91 (7). In contrast to the
PD41 antigen, antigen expression of the P25 MAbs is com
pletely lost after chemical fixation of tissues and cannot be
restored by enzymatic digestion. Further dissimilarity is evident
on the basis of molecular weight of the respective antigens:
P25.48 and P25.91 bind to a M, 58,000 protein (35), quite
distinct from the antigen recognized by PD41. Immunohisto-
chemically the P25 MAbs do not react to well-differentiated
CaPs as does PD41, but show preferential reactivity with poorly
differentiated tumors. A MAb panel, combining these two MAb
systems, might provide additional information on the malignant
phenotype of prostate tumors, one (PD41) identifying early
evidence of neoplastic change, the other (P25) identifying po
tentially aggressive tumors.

PD41 also can be shown to be distinct from the anti-prostate
MAbs PR92 (6) and IE 11-C5 (5) on the basis of their respective
antigens and cell-line reactivity. The PR92 antigen is reported
to be a glycoprotein with an approximate molecular weight of
470,000 (unreduced) and 44,000 (reduced), whereas the antigen
defined by 7E11-C5 consists of a single M, 100,000 band
(reduced) (36). PD41 also can be distinguished from the PR92
and 7E11-C5 MAbs, as well as several other prostate-directed
MAbs, i.e., TURP-73 and TURP-27 (4), MAbs 35 and 24 (37),
KR-P8 (38), the 3 F77 MAbs (39), and a-Pro-3 (40) on the
basis of the reactivity of these MAbs to cultured cell lines and/
or various normal, benign, and neoplastic tissues.

Although further investigations are needed to characterize
fully the exact nature of the PD41 antigen, the evidence ob
tained thus far suggests that the MAb PD41 recognizes a new
prostate-carcinoma-associated antigen that may be useful not
only in identifying a particular subset of prostate carcinoma
patients, but also as an aid in distinguishing benign from
malignant prostate tumors.
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